We report calculations for the dielectric constant ϱ and the second-harmonic susceptibility d for BN, AlN, and GaN in both zincblende and wurtzite structures within the Kohn-Sham local-density approximation. For wurtzite AlN and GaN, the computed d xxz (w) and d zzz (w) closely agree with experiment. For zincblende AlN and GaN as well as zincblende and wurtzite BN, we predict d. Our results show that the simple relation between the independent components of d predicted by bond additivity works for BN, breaks down for GaN, and completely fails for AlN.
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The III nitrides have recently attracted extensive experimental 1 and theoretical 2,3-5 interest. Their physical properties such as a wide band gap, low compressibility, and high thermal conductivity make them promising candidates for short-wavelength ͑green, blue, and ultraviolet͒ electroluminescent devices and high-temperature diodes and transistors.
1 There have also been efforts on measuring the second-harmonic susceptibilities for their potential use as frequency-doubling devices.
6,7 Theoretical efforts have been mainly directed towards structural properties, 2 band structures, [3] [4] [5] 8 and linear optical properties. 5, 8 The goal of the current study is to provide reliable theoretical estimates of the second-harmonic susceptibility for three of the compounds; BN, AlN, and GaN.
Our calculation uses pseudopotentials with plane waves in the Kohn-Sham local-density approximation ͑LDA͒. After obtaining the ground-state electronic densities, we use a sum-over-states method to calculate the dielectric constants ϱ and the second-harmonic susceptibilities d including local-field corrections. Details of our method are provided elsewhere. 9, 10 Table I . For GaN our ϱ agrees with a full-potential linear-muffin-tin-orbital calculation. 8 Our calculation is the only one which includes local-field corrections. 
But it is unclear how this ratio from polycrystallites is related to that of the single crystal without the knowledge of the orientation distribution of the crystallites. In comparison with the bondcharge model, our calculated d are four times smaller, making the III-nitride materials less attractive for frequencydoubling devices than has been predicted. 15 In addition, we tested the validity of bond additivity, often used as a rule-of-thumb to relate the different components of d. According to bond additivity, the macroscopic second-harmonic susceptibilities are tensorial sums of the is less than 0.04 compared to our computed ratio of 0.05. Our calculation was done for the experimental lattice geometry; 24 repeating it for the perfect tetrahedral geometry yields the ratio 0.10, which further supports our view that the bond additivity is inadequate for these materials.
Finally, we provide some technical details of our calculation. Band gap. We expect the calculated optical constants to be somewhat overestimated 10 because the LDA band gaps are smaller than experiment. Based on our previous study on GaP, 10 we believe that the overestimation can be up to 40% for the worst case, GaN. In BN and AlN, where the band gaps are larger, the overestimation is smaller or perhaps even zero based on our studies on urea 25 and SiC. 26 Convergence. Sufficient convergence is reached for our calculations. The only two convergence parameters for our method are the energy cutoff for the plane waves ͑E cut ) and the number of k ជ points to sample the integration. Using E cut ϭ25 hartree in zincblende BN we found that the eigenvalues for the lowest 50 bands have converged to about 0.1 eV compared to using E cut ϭ50 hartree. The choice of E cut depends on the pseudopotentials. 27 Since the 2p pseudopotential of N is deepest, we used E cut ϭ25 hartree for all the calculations. The LDA eigenvalues reported in the literature for BN, 3,5 AlN, 4,5 and GaN 2,4,5,8 usually agree within 0.3 eV but can sometimes differ by 0.8 eV. Our calculations lie within this region. We also converged our calculations by increasing the number of k ជ points. In the zincblende structures, we used 28 k ជ points 28 in the irreducible Brillioun zone for BN, AlN, and GaN. In wurtzite BN and AlN, we used two layers of k ជ points with six on each layer and for GaN two layers with 12 k ជ points per layer in the irreducible Brillioun zone. The sum rules 10 associated with ϱ and d were used to test the convergence. With the above choices for E cut and the number of k ជ points, the sum rules are all satisfied within 2%. Decreasing the number of k ជ points by half change the dielectric constants by 1% and the second-harmonic susceptibilities by 5%.
In summary we provide quantitative LDA calculations for the second-harmonic susceptibilities d of BN, AlN, and GaN in zincblende as well as wurtzite structures. Our calculations for the dielectric constants agree with available experiments. In wurtzite AlN and GaN, our calculated values of d agree with the single-crystal measurements. We find that the bond-additivity picture fails to explain the ratios 
